In the present work, certain novel o-hydroxy Schiff bases and possible tautomer forms, which were previously synthesized by our group and their structures elucidated, have been calculated by DFT/6-311g(2d,2p) in both vacuum and polar solvents and the most stable tautomeric forms have been determined. The acidity constants of the Schiff bases have been calculated with PM6 method by MOPAC2016. HOMO-LUMO values of the studied Schiff bases were calculated with DFT/6-311g(2d,2p) and their possible molecular electronic properties were searched. The results were compared with those experimental values.
INTRODUCTION
Schiff bases are compounds containing an azomethine (-C=N-) group having biological activity (1, 2) . Their anticancer, antiamoebic, antibacterial, antifungal, antinociceptive, antiviral, antidepressant, anti inflammatory and anti-HIV activity have been reported (3) (4) (5) (6) (7) (8) (9) . An activity study has also been reported against tuberculosis (10) . Schiff bases are important in many areas such as non-linear optics (NLOs) (11) , optical limiting switching (12) , electrochemical sensor technology (13) , polymer technology (14) and medicine (15) . Schiff bases have been widely used as ligand thanks to the high stability of their coordination compounds with different oxidation states and exhibiting unusual structural properties of their complexes (1) . The pi system of a Schiff base affects both the electronic structure of complexes and geometric construction. Transition metal Schiff base complexes have been studied as catalysts in organic redox and electrochemical reduction reactions (16) . Especially, Schiff bases derived from aromatic o-hydroxyaldehydes have received special attention due to their interesting thermochromism and/or photochromism, biological properties and variety of potential applications (17) . For these reasons, the theoretical study on the stability, acidity constants and molecular electronic properties of o-hydroxy Schiff bases and their tautomers have big importance for determining the behavior of compounds. There are certain studies about spectroscopic and theoretical investigation of these compounds (5, (18) (19) (20) .
The aim of the present study was to perform theoretical calculations (HOMO-LUMO, possible molecular electronic properties, etc) of novel o-hydroxy Schiff bases which were synthesized by our group (21) and their possible tautomer forms ( Figure 1 ) by DFT/6-311g(2d,2p) (22, 23) in both vacuum and polar solvent, and determine acidity constants of them with PM6 method by MOPAC2016 (24) . To the best of our knowledge, no theoretical study on o-hydroxy Schiff bases synthesized earlier by our group and their tautomeric forms exists.
R1=Cl, R2=H (A1); R1=CH3, R2=H (A2); R1=H, R2=Cl (A3); R1=H, R2=CH3 (A4) Figure 1 . The studied Schiff bases and their possible tautomer forms.
MATERIAL AND METHODS

Theoretical Calculations
CS ChemBioDraw Ultra 12.0 for Microsoft Windows (25), Gaussian09 (26), GaussView 5.0.9 (27) programs and an Intel(R) Core(TM) i7 X 990, 3.33 GHz, L3 Cache 12 MB, LGA 1366 socket, X58 chipset workstation were used for the theoretical calculations. Stable geometries of all of the compounds were determined with "opt=modredundant rb3lyp/6-311g(d,p)" method.
Thermodynamic calculations and electronic absorption spectra were calculated with "freq rb3lyp/6-311+g(d,p) and DFT (TD-DFT rb3lyp/6-311+g(2d,2p)) scrf=(iefpcm, solvent) methods, respectively. Firstly, stable conformations of -CH=N-bond and tautomer forms belong to this bond were determined during the geometric determination step. Hydroxyl and carbonyl oxygens in A and B rings of each were determined stable conformation. Theoretical calculations were done by considering the geometries of the determined most stable conformations. Five different solvents have been used in the solvent phase calculations (chloroform, methyl alcohol, ethyl alcohol, dimethyl sulfoxide and water). The acidity constants of all of the compounds were calculated with PM6 method by MOPAC2016 (24) .
RESULTS AND DISCUSSION
Sum of Electronic and Thermal Free Energies
The Sum of Electronic and Thermal Free Energies (SETFE) of the studied compounds and their tautomer forms in vacuum and different solvent phases (chloroform, methyl alcohol, ethyl alcohol, dimethyl sulfoxide and water) have been given in Table 1 .
Tautomeric Equilibrium
The tautomeric equilibrium constants have been given for the compounds and their possible tautomeric forms in vacuum and different solvent phases (chloroform, methyl alcohol, ethyl alcohol, dimethyl sulfoxide and water) in Table 2 .
It is determined that the tautomer form a has the most stable form among the whole tautomer forms of the all compounds. It is estimated that c form is not possible because of high value of tautomeric constant (KT2) (from 27 to 33) between a form c form. It is also estimated that the direction of the equilibrium can be from b to a due to low value of tautomeric constant (KT1) (from 0.2 to 2.9) between a form b form. The stabilities of the a tautomer forms for the studied compounds have been given in Table 3 . The order of the stabilities for the compounds in all the solvents are the same except for in chloroform. Tautomer forms, A2a and A4a, did not comply with the order in chloroform. The stabilities of for the studied compounds and their tautomer forms have been given in Table 4 . As seen from Table 4 , the tautomer forms, A3 and A1, have the highest stabilites, and A4 and A2 have lowest stabilities among the compounds. The stabilities are affected from the variation of the molecular geometry resulted from substituent and the bonding position of the molecule. The lower SETFE value, the more stable the compound is. In this condition, the activity of the compound decreases. 
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It is seen that a form is more stable than the other form for each equilibrium in Table 2 . Negative sign means a forms are more stable than the other forms for all equilibria. Lower KT means more stable for the compounds. 
H-bond
Intra-molecular H-bond lengths were given for the studied compounds and their tautomeric forms in Table 5 . The stability of the a tautomer form can be explained with intramolecular H-bond between H1 and N1 atoms. Lower H-bond length means more stable double (interacted) compounds. As seen from Table 5 , the strongest intramolecular H-bond was between H1 and N1 atoms for all the compounds and the tautomeric forms. This occasion supports that a tautomer form is most stable among those other forms. H-bond between H5 and N3 atoms is the most stable among the others for c tautomer for all compounds. As seen from Table 2 , despite the strong H-bond for c tautomer form, the geometry of the a form for each compound is instable (KT1 and KT2 values are 1.6-2.9, 30-33 for a and c forms, respectively).
Dipole moment
Dipole moments of the studied Schiff bases and their tautomeric forms were given in Table   6 . As seen from Table 6 , tautomer forms can affect the dipole moments for the compounds.
Especially, the significant variation for c tautomer form is observed when it is compared with that original molecule. As seen from Table 6 , the compound A1, A2, A3 and A4 have high dipole moments. Higher dipole moment means stronger H-bond and/or stronger dipole-dipole interaction.
HOMO and LUMO energies
HOMO, LUMO and EGAP values for a tautomer forms of the studied compound were given in Table 7 . It seen that electrons of HOMO and LUMO generally condense on aromatic ring in Figure   2 .
Electronic Absorption Spectroscopy
UV-Vis excitation energies for a tautomer forms of the compounds in different solvents were given in Table 8 . Three peaks have been observed for almost all the compounds (Table 8) . Representative theoretical UV-Vis spectra for a tautomer forms of the studied compounds at 298 K in vacuum phase have been shown in Figure 3 .
A1a A2a
A3a A4a Figure 3 . Representative theoretical UV-Vis Spectra for a tautomer forms of the studied compounds at 298 K in vacuum phase.
It can be thought that the value of the higher wavelength (1) belongs to the n-* transition and the value of the lower wavelength (2 and 3) belongs to the -* transition according to the UV-Vis spectra.
Calculated pKa
The pKa values of the compounds and relevant possible tautomer forms were calculated with PM6 method by MOPAC2016 program and the results have been given in Table 9 . It is determined that H atoms bonded -OH group on phenyl ring A for tautomer form a.
are more acidic and H atoms bonded -OH group on phenyl ring B is more basic. This situation shows H-bond between N1 and H1 can be strong (Table 5 ). It is understood that H1 or H2 hydrogen can be broken firstly during the formation of the metal complexes of these compounds.
